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VECTO RS BA SETON RE COMBINANT DEFECTI™ VIRAL GENOMES 
ANUTHEIR U§E IN THETORMULATION OF VACCINES 



5 The vectors comprise a recombinant defective viral genome expressing at least one 
antigen suitable for the induction of systemic and secretory immune responses. The 
defective viral genome comprises the parental virus genome having viral replicase 
recognition signals located on ends 3' and 5' further comprising internal deletions, and 
wherein said defective viral genome depends on a helper virus for its replication. These 
10 vectors are suitable for the forming of a recombinant system comprising (a) the aforesaid 
expression vector, and (b) a helper virus which supplies functional and structural proteins 
for the replication and encapsidation of the defective genome. This system is suitable for 
the manufacture of mono- and polyvalent vaccines against infectious agents of various 
animal species, especially pigs, dogs and cats. 

15 

FIELD OF THE INVENTION 

This invention relates to a number of vectors based on recombinant defective virus 
genomes expressing antigens suitable for the induction of systemic and secretory 
immune responses for the prevention of infections in the mucosae, and to their use with 
20 : vaccinal purposes together with a suitable helper virus. 

JO BACKGROUND OF THE INVENTION 

fz The attainment of recombinant proteins using expression vectors is a well-known 

fact. In general, prokaryotic and yeast expression systems are highly efficacious and easy 
2|5 to use, whereas the expression systems used containing superior eukaryotic cells present 
S a number of drawbacks relative to low protein production levels and limitations in the host 

yj range. Of the existing expression systems for superior eukaryotic cells, baculovirus-based 

r vectors are the most efficacious in terms of protein production. However, they can only be 

□ used in insect cells that, as is known, glycosilate proteins differently from the way animal 

4lo cells do. In addition, the construction of the recombinant virus takes place through a 
M homologous recombination, which is a laborious technique, especially when numerous 

4f genetic variants have to be analyzed. 

On the other hand, vectors based on DNA viruses suitable for heterologous gene 
m expression are known. However, the use of DNA-based vectors presents numerous 

35 drawbacks for, as they replicate in the nucleus of the host cell and can become integrated 
in the genome, they are therefore not reliable. On the contrary, the use of RNA-based 
vectors overcomes the drawbacks associated with the use of DNA viruses because, since 
they replicate not in the genome of the host cell but in the cytoplasm, replication takes 
place via RNA and not via DNA, and the possibilities of integration in the genome are very 
40 low, making the vectors based on these RNA viruses more reliable. ~ 

Also well-known are defective interfering particles (Dl) containing the virion capsid 
and a defective genome, which are deletion subgenomic mutants mostly generated form 
infectious viral genomes by a replication error. In general, the term "Dl particle" refers to 
defective viruses lacking a region of the RNA or DNA genome, containing the proteins 
45 and antigens of the virus, requiring co-infection of the infectious parental virus (helper 
virus) for replication and which specifically interfere with the homologous helper virus, as 
they replicate at its expense [Huang and Baltimore, Nature, 226, 325-327 (1970)]. Dl 
genomes arise from genome reorganizations as a result of shifts of the RNA polymerase 
from one RNA template to another or from one segment of an RNA template to another 
50 segment of the same molecule. These Dl genomes, once they have been generated, self 
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amplify at the expense of the parental genome or the amplifying virus coding for the 
proteins involved in replication and encapsidation and which has to compete with 
defective genomes for such products. 

Dl particles have been obtained and characterized from some coronaviruses, such 
as the murine hepatitis virus (MHV), infectious bronchitis virus (IBV), and bovine 
coronavirus (BCV), although Dl particles derived from porcine transmissible 
gastroenteritis virus (TGEV) have not been described. One of the MHV natural Dl 
particles has been used as the basis for the development of an expression vector in 
which the exogenous gene is inserted under the control of an internal promoter 
transcription sequence [Lin and Lai, J. Virol., 6110-6118, Oct. (1993)]. 

Generally, known heterologous gene expression vectors based on Dl particles 
have some drawbacks related with their species and target organ specificity and their 
limited capacity for cloning, that limit their possibilities of use, both in basic research and 
in research applied to the development of such vectors for therapeutical purposes, 
including vaccines. 

Consequently, there is still need of heterologous gene expression vectors that may 
successfully overcome the mentioned drawbacks. Specifically, it would be highly 
advantageous to have available some heterologous gene expression vectors with a high 
level of safety and cloning capacity and which could be designed so that their species 
specificity and tropism might be easily controlled. 

The present invention provides a solution to the existing problem, comprising a 
vector based on a recombinant defective viral genome expressing antigens suitable for 
the induction of an immune response and for the prevention of infections caused by 
different infectious agents in various animal species. The heterologous gene expression 
vectors (or DNA sequences) provided by this invention have a high level of safety, as well 
as high cloning capacity, and may be designed so that their species specificity and 
tropism may easily be controlled, making such vectors suitable for the formulation of 
vaccines capable of conferring protection against infections caused by the different 
infectious agents in various animal species. 

Therefore, an object of the present invention is a vector based on a recombinant 
defective viral genome expressing at least one antigen suitable for the induction of 
immune response — specifically, a systemic and secretory immune response against 
infectious agents in various animal species — , or an antibody providing protection against 
an infectious agent provided with a high level of safety and cloning capacity, and which 
may be designed so that its species specificity and tropism may be easily controlled. 

The defective viral genome which serves as a basis for the construction of the said 
vector is also an additional objective of this invention. 

_ Another additional object of this invention is a. recombinant expression system of 
heterologous proteins comprising (a) the vector described above and (b) a helper virus 
that will provide the proteins involved in the replication and encapsidation of the 
recombinant defective viral genome. 

Another additional objective of this invention is vaccines capable of inducing 
protection against infections caused by different infectious agents in various animal 
species, comprising the recombinant system described above, together with a 
pharmaceutical^ acceptable excipient. These vectors can be uni-, or multivalent, 
depending on whether the expression vectors present in the recombinant system express 
one, or more antigens capable of inducing an immune response against one, or more 
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infectious agents, or one or more antibodies providing protection against one or more 
infectious agents. 

Other objects provided by this invention comprise a method for the immunization of 
animals, consisting of the administration of the said recombinant system or vaccine, as 
well as a method for the protection of newborn animals from infectious agents that infect 
the mentioned species. 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows the structure of TGEV. The virion is a spherical particle consisting 
of a lipidic envelope in whose interior is a single-chain, positive-polarity RNA molecule of 
28.5 kilobases (kb). This RNA is associated to an N protein forming the nucleocapsid. M 
and sM structural proteins are included in the membrane. Protein S groups itself into 
trimers, and is anchored on the external part of the envelope forming the peplomers. 

Figure 2 shows the genomic organization of the four sequenced coronaviruses: 
MHV, IBV, HCV229E (human coronavirus 229E) and TGEV. The open reading frames 
coding for each protein are shown to scale. In each genome, the beginning of the RNAs 
expressing each virus is indicated with an arrow. The number of messenger RNAs 
(mRNA) expressed by viruses MHV or TGEV may vary depending on the viral strain. In 
this outline, the TGEV arrows correspond to the mRNAs expressed by strain THER-1. 
The mRNAs are 3-coterminal and are numbered in decreasing size order. 

Figure 3 shows the expression of the TGEV genome, strain THER-1. The 
disposition of the open reading frames (ORF) in the genome is indicated: Pol, 
polymerase; S, sM f M and N ( structural proteins; nsp 3a, 3b and 7, non-structural proteins 
(protein 3b is not produced with this virus). The genome is transcribed in an RNA of equal 
length but of negative polarity (-) that will serve as a template for the synthesis of the 7 
mRNAs (1 to 7). In each mRNA are represented the common sequence, leader, of the 5' 
end (square), the polyadenine section at the 3' end and the zone which is translated in 
each one of them (thick lines). 

Figure 4 shows the evolution of the titer of TGEV THER-1 (A) and PUR46-mar 
1CC12 (B) isolates with the passage number at high multiplicity of infection (m.o.i.) in ST 
cells. 

Figure 5 shows the results of the electrophoretic analysis of the RNAs produced in 
ST cells infected with THER-1 virus passaged 46 times at high m.o.i. The passage 
number is indicated above each lane and the bars to the left indicate the position of the 
molecular weight markers (genomic RNA of the TGEV and GibcoBRL markers), 
expressed in kb. The bars to the right indicate the TGEV mRNAs and the defective 
interfering (Dl) RNAs. Nl, not infected. 

Figure 6 shows the results of the Northern-blot assay of the RNA_of ST cells 
infected with the THER-1 p35 virus. 

Figure 7 shows the results of the Northern-blot assay of the RNA proceeding from 
diluted passages of the THER-1 -STp41 virus in ST cells. 

Figure 8 shows the effect of the cell line change on the propagation of defective 
RNAs A, B and C. Virus THER-1 -STp46 was passaged ten times undiluted in IPEC 
(intestinal pig epithelium cells), and five times in PM (porcine macrophage) cells. Figures 
8A and 8B: evolution of the virus titer with the number of the passage in IPEC and PM, 
respectively. Figure 8C: analysis of the RNA of ST cells infected with virus from passages 
1 and 10 in IPEC (by metabolic labeling with 32Pi ), or of passages 1 and 5 in PM cells 
(by hybridization with one oligonucleotide complementary to the leading RNA). 



Figure 9 shows the encapsidation of defective genomes A, B and C. Figure 9A 
shows an agarose gel stained with ethidium bromide, in which the RNA extracted from 
purified virions of passage 1 and passage 41 are analyzed by means of centrifugation 
through a 15% sucrose cushion (w/v). In the lane of passage 41, RNAs A, B and C can 
5 be observed, as well as the parental genome. The bars on the left indicate mobility 
markers in kb. Figure 9B shows the results of the analysis of the RNA of passage 41 
virions purified by centrifugation through sucrose cushions or continuous gradient, by 
Northern-blot assay with an oligonucleotide complementary to the leader RNA. 
Commercial GibcoBRL RNAs and RNA from passage 1 virions (lane a) were used as 
io markers. Lanes b and c, RNA extracted from virions sedimented through 31% and 15% 
sucrose cushions (w/v), respectively. Lanes d and e, RNA extracted from virus purified 
through a continuous sucrose cushion, fractions of 1.20 and 1.15 g/ml density, 
respectively. 

Figure 10 shows the strategy for the cloning of defective RNAs Dl-B and Dl-C, in 
is which a schematic representation can be observed of the complementary DNA fragments 
(cDNA) obtained by RT-PCR, using as template genomic RNA of total length (A), Dl-B (B) 
and Dl-C (C). The dotted lines indicate absence of the anticipated fragment due to its 
large size. The defective RNAs were cloned into four overlapping fragments (a, b, c and 
d), represented by lines; the numbers below these lines indicate fragment size 
ko determined in agarose gels. The oligonucleotides used as primers and their polarity are 
indicated by means of arrows and numbers. Oligonucleotide sequence is shown in Table 
1 2. Striped or open boxes in (A) indicate the relative position of the viral genes: pol, 

1 polymerase; S, M and N, structural genes; 3a, 3b, sM and 7, small ORFs. The shaded 

thin boxes indicate the leader sequence. 
p Figure 11 shows the results of the electrophoretic analysis of PCR products 
J obtained in the amplification of defective RNAs. The RNA of purified virions THER-1p1 or 
THER-1p41 was used as a template in an RT-PCR reaction with oligonucleotides 1 and 2 
(a), 3 and 4 (/>), 5 and 6 (c), or 7 and 8 (d), whose sequence and position in the parental 
genome is indicated in Table 2. The lane corresponding to the RNA template of passage 
to 1 (parental genomic RNA) or of passage 41 (parental RNA, Dl-A, Dl-B and Dl-C), and the 
lane of DNA mobility markers (M, GibcoBRL) are indicated in each case. The numbers in 
bold type indicate the size in kb of the amplification products specific for defective RNAs. 
RNAs B+C, RNAs B and C: purified bands in an experiment where the RNAs of THER-1 
STp41 virus were fractionated in gel. RNAs B and C migrate very close ! j§nd_w^ 
5 a single band. 



pTp "Flyuie 1 2 shows the co mplete KNA Ul-C cD NA sequence (see " S E C. D l No24) 
£tAP^Pobtained by the sequencing of overlapping fragments of the ^BTo^Bn^d^^^^^ 
Dl-C has kept four discontinuous parental genome regions: I, II, m^^MXTT^e flanking 
sites of these regions are indicated with arrows. The tracistetfon of the three ORFs 
o present in genome Dl-C is indicated: chimeric ORFgl&fTkb resulting from the fusion of 
discontinuous regions I and II in phase; themioi-e^F of three amino acids preceding it in 
phase, and the ORF which initiates^ of gene S. Highly homologous regions — 

with the proteic domains despribgflfor other coronaviruses as those responsible for the 
polymerase and helic^se^activities, and metal ion binding sites — appear shaded. 
5 CTAAAC transcription promoter sequences appear shaded. The overlapping area 
between 0£Ftf"Ta and 1b (41 nucleotides) appears shaded, the slippery sequence of the 
ribos9DP>€rappears underlined, and the ORF1a termination codon in a box, In positions 
£2&~G39 7 and G40G the specific changes wi t h respect to the p dienlal genuine 
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3 i 'J^i indicated. The nucleotides present in the parental genome in these positions are 
^oiacU 1 [ indicated. 

Figure 13 shows a diagram of the RNA Dl-C structure. Total genomic length 
appears to the right of the boxes. RNA Dl-C contains four discontinuous TGEV genome 
5 regions (I, II, III and IV). These regions comprise 2.1 kb of the 5' end of the genome, 
almost complete ORF1b including the overlapping area between ORFs 1a and 1b, the 
initiation of gene S, incomplete ORF7 and untranslated region 3'. The letters and 
numbers above the parental genome box indicate viral genes. The numbers below the 
box indicate the position of the flanking nucleotides of the discontinuous regions in the 
10 parental genome, taking as reference the sequence of the TGEV PUR46-PAR isolate. In 
the box corresponding to RNA Dl-C, the length of the four discontinuous regions is 
indicated in nucleotides. In the third box it is indicated the number of nucleotides derived 
from each viral gene, taking into account that ORFs 1a and 1b overlap with each other 43 
nucleotides in the parental genome. The ORFs predicted in the computer analysis are 
15 indicated with arrows or arrowheads. Pnt, pseudoknot; Pol, polymerase; Mib, metal ion 
binding; Hel, helicase; Cd, conserved domain. 

Figure 14 shows the structure of the RNA Dl-B. RNA Dl-B contains three 
discontinuous regions (I, II and III) of the TGEV genome, comprising 2.1 kb of the 5' end 
_ of the genome, complete ORF1b including the overlapping area between ORFs 1a and 

^20 1b, the initiation of gene S, the termination of ORF7, and the untranslated region of 3' 
^ end. Letters and numbers over the parental genome box indicate viral genes. The 

|p numbers underneath the box indicate the position in the parental genome of the flanking 

nucleotides of the discontinuous regions, taking as reference the sequence of the TGEV 
Jj PUR46-PAR isolate. Size heterogeneity of the deletion occurring between discontinuous 

Q25 regions II and III is responsible for the actual existence of a Dl-B genome population. In 
y the second and third boxes are indicated the length in nucleotides of the three 

* discontinuous regions for the largest and smallest sized genomes, respectively. In the 

O third box it is indicated the number of nucleotides derived from each viral gene, taking into 

;J3 account that ORFs 1a and 1b overlap each other for 43 nucleotides in the parental 

Ho genome. The ORFs predicted by the computer analysis are indicated with arrows or 
% arrowheads. Pnt, pseudoknot; Pol, polymerase; Mib, metal ion binding; Hel, helicase; Cd, 

^ conserved domain. 

y ° Figure 15 shows the secondary and tertiary RNA structures in the overlapping 

zone between ORFs 1a and 1b in the RNA Dl-C. (A) Structure predicted when 

35 considering the region closest to the fork-like structure presenting complementarity to the 
nucleotides of the knot thus constituting the pseudoknot (nucleotides 2354 to 2358). The 
slippery sequence UUUAAAC is underlined. ORFla termination codon is indicated in the 
box. (B) Schematic representation of this pseudoknot, which involves two_ sequence 
complementarity sections (stems: S1 and S2). The slippery sequence is reperesented in 

40 a box. (C) An alternative model taking into account the sequence of nucleotide 2489 to 
2493 in the folding of the pseudoknot. This structure contains an additional 
complementarity sequence (stem) section. (D) Schematic representation of the 
pseudoknot, in which the three stems are marked: S1, S2 and S3. 

Figure 16 shows the mapping of RNAs Dl by hybridization with oligonucleotides 

45 specific to the virus in Northern-blot assays. The RNA of THER-1-STp41 virus was 
fractionated in agarose gels until a clear separation of the parental genome RNAs and Dl 
A, B and C was obtained. The RNA was transferred to nylon filters which were hybridized 
with several oligonucleotides labeled with 32 Pj. hybridized with the parental genome (+), 
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and hybridized (+) or not (-) with the defective genomes. The approximate localization of 
the sequences complementary to the oligonucleotides in the parental genome is indicated 
by arrows. Their exact sequence and position are indicated in Table 3. All the 
oligonucleotides hybridized with the parental genome and gave the expected results with 
RNAs B and C. 

Figure 17 shows an outline of the method for the obtainment of vaccinal viruses by 
transfection of infected cells with RNA Dl-C. A prototype outline is illustrated with the 
construction that enabled the production of Dl-C RNA by in vitro transcription, maintaining 
the 5' and 3' ends present in the original defective particle. The sequence of the 17 
promoter [PrT7],and the sequence of the autocatalytic ribozyme of the hepatitis delta 
virus (HDV) [Rz HDV] were cloned flanking the Dl-C RNA sequence. The position of the 
autocatalytic cleavage introduced by the ribozyme is marked above the sequence. The 
arrows indicate the positions of the internal transcription promoter sequences maintained 
in a natural form in the RNA Dl-C. L, leader. T70, T7 bacteriophage transcription 
termination signals. Virions encapsidating both the helper virus as well as the defective 
genomes in which the heterologous genes had been cloned were recovered, when the in 
vitro transcribed RNAs were transfected into ST cells infected with the corresponding 
helper virus. 

Figure 18 shows a prototype outline of the construction that enabled the production 
of pDIA-6A.C3 by in vitro transcription, maintaining the 3' and 5' ends present in the 
original defective particle. The sequence of the bacteriophage T7 promoter [PrT7] and the 
presence of the autocatalytic ribozyme of the hepatitis delta virus (HDV) [RzHDV] were 
cloned flanking the cDNA sequence coding for an autoreplicative RNA. Plasmid pDIA- 
6A.C3 contains the gene coding for monoclonal antibody 6A.C3 which neutralizes TGEV 
[see Example 4]. The cloning of the heterologous gene was done after ORF1b, following 
the S gene initiation codon (AUG), and in reading phase with this gene (IGS: intergenic 
sequence; L: leader sequence; D: diversity region; J: joining region; VH: variable module 
of the immunoglobulin heavy chain; CH: constant module of the immunoglobulin heavy 
chain; VK: variable module of the immunoglobulin light chain; CK: constant module of the 
immunoglobulin light chain; polyA: poIyA sequence; T7o : T7 transcription terminator]. 



DETAILED DESCRIPTION OF THE INVENTION 

This invention provides heterologous DNA expression vectors, based on 
recombinant defective viral genomes expressing, at least, an antigen suitable for the 
induction of immune response against various infectious agents of different animal 
species, or an antibody affording protection against an infectious agent, provided with 
hjgh safety and cloning capacity, and which may be designed so that their species 
specificity and tropism may be easily controlled. 

The term "infectious agent" in the sense in which it is used in this description 
includes any viral, bacterial or parasitic infectious agent that can infect an animal and 
cause a pathology. 

The term "animal species" includes animals of any species, usually mammalians, 
and swine, canine or feline in particular. 

In a specific realization of this invention, expression vectors are obtained based on 
recombinant defective viral genomes expressing antigens suitable for the induction of 
systemic and secretory immune responses, for the prevention of mucosal infections, 
designed to enable an easy control of species specificity and their tropism for the infection 
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of enteric or respiratory mucosae, which makes them quite adequate for the induction of 
mucosal and lactogenic immunity, of particular interest in the protection of newborn 
animals against infections of the intestinal tract. In another specific realization of this 
invention, an expression vector is provided based on a recombinant defective viral 
genome expressing, at least, one antibody which affords protection against an infectious 
agent. 

The expression vectors obtained by means of this invention comprise a defective 
viral genome derived from a virus, preferably, a virus with RNA genome and positive 
polarity, that maintains the 3' and 5' ends of the parental virus, has internal deletions and 
depends on a -helper virus for its replication. Therefore, the invention provides, 
additionally, a defective virus genome comprising the genome of a parental virus having 
viral replicase recognition signals located at the 3' and 5' ends, comprising also internal 
deletions, and in which the aforesaid defective viral genome depends on a helper virus 
supplying the functional and structural proteins for the replication and encapsidation of the 
recombinant defective viral genome. In a specific realization, the defective viral genome 
comprises, additionally, the complete sequence coding for the parental virus replicase. In 
this case, if so desired, the helper virus can provide only the structural proteins required 
for the encapsidation of the recombinant defective viral genome or,, alternatively, the 
functional and structural proteins for the replication and encapsidation of the recombinant 
defective viral genome. When the virus from which the recombinant defective genome 
derives is a virus with RNA genome, the expression vector comprises the cDNA 
complementing the aforesaid defective RNA or a cDNA substantially complementing the 
aforesaid defective RNA. 

The vectors provided by this invention have a high cloning capacity — at least 18 
kb — which is the greatest cloning capacity described for a vector based on RNA 
eukaryotic viruses. Additionally, these vectors have a high safety level because they (a) 
are based on defective genomes, (b) comprise RNA genomes and do not use DNA as a 
replicative intermediary, and c) are based on viruses growing In the cytoplasm of infected 
cells, all of which prevents the defective genome from recombining with the cell 
chromosome. 

In a specific realization of this invention, the obtainment of defective RNA genomes 
derived from coronaviruses, in particular from TGEV, is described. These genomes have 
the additional advantage of a very low TGEV recombination frequency (<1 x 10*), which 
prevents the defective genome from recombining easily with the helper virus genonie. 
However, even though this recombination might actually take place, an attenuated virus 
would be obtained since the invention contemplates the convenience of using the same 
attenuated virus both as helper virus as well as starting material for the obtainment of the 
defective genome. 

The defective genomes constituting the basis of such vectors can be obtained in 
different cell systems by means of undiluted serial passages of the virus from which they 
derive. The Dl particle generation frequency can vary much in different virus-cell systems; 
for this reason it is advisable to make the passages with different virus isolates in different 
cell lines with the aim of selecting the proper isolate and cell line. After a certain number 
of passages, the viruses are isolated and then used to analyze the intracellular RNAs 
produced in the infection with the purpose of observing the possible appearance of bands 
not corresponding to any viral mRNA, in which case, in order to analyze the nature of 
these new RNAs — subgenomic or defective — the undiluted serial passages with the 
parental virus are continued. After some passages, the evolution of the RNA pattern is 

r* 2* 3 *7 
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analyzed throughout the serial passages and, for this purpose, cells of the suitable 
cellular system are infected with viruses originating from different passages and the 
produced RNAs are analyzed by conventional techniques, for example, metabolic labeling 
with 32 Pj or hybridization with a suitable oligonucleotide. A detailed description of the 
obtainment and characterization of some defective RNAs derived from TGEV is made in 
Example 1 . 

With the defective RNAs it is possible to obtain the corresponding cDNA 

complementing or substantially complementing — the aforesaid defective RNAs, by 
means of a» reverse transcriptase (RT) reaction and polymerase chain reaction (PCR) 
amplification, hereinafter RT-PCR. After this, it is possible to clone the cDNA in 
appropriate plasmids, for example Bluescript II, under the control of efficient promoters. 
The resulting plasmids contain the defective viral genome under the control of some 
regulatory elements, containing signals for the regulation and control of replication and for 
the initiation and termination of transcription and translation. Therefore, these plasmids 
can include polyA sequences, auto-catalytic cut sequences or for the recognition of 
restriction enzymes allowing the insertion of the heterologous DNA, and the 
corresponding regulation, control and termination signals. 

The plasmids thus obtained, containing the defective genome, or the 
corresponding cDNA, can be manipulated by conventional genetic engineering 
techniques in order to clone with increased efficiency, at least, one heterologous DNA 
sequence coding for a specific activity, under the control of the promoter of a gene 
present in the defective genomes or any other promoter of the virus from which the 
defective genome or variant of these promoters derives, and of the regulatory sequences 
contained in the resulting expression vector. Example 2 describes the generation of 
expression vectors coding for antigens inducing protection against different viruses. 

The expression vectors obtained from this invention can express one or more 
activities, such as one or more antigens capable of inducing immune responses against 
different infectious agents, or one or more antibodies providing protection against one or 
more infectious agents. In one specific and preferred realization, these vectors express at 
least one antigen capable of inducing a systemic immune response or mucosal immune 
response against different infectious agents that propagate in respiratory or enteric 
mucosae. In another specific and preferred realization, the said expression vectors 
express, at least, one gene coding for the heavy and light chains of an antibody of any 
isotype (for example: IgGi, IgA, etc.) that confers protection against an infectious agent. 
In a specific case the antibody expressed is the monoclonal antibody identified as 6A.C3 
(see Example 4) which neutralizes TGEV, expressed with isotypes IgGi or IgA in which 
the constant part of the immunoglobulin is of porcine origin. 

_ In a specific realization of this invention, cloning_of the heterologous genes in a 
plasmid, containing one cDNA of a defective RNA derived from, was done after ORF1b, 
following the S gene initiation codon (AUG), and in reading frame with this gene (Example 
2). Alternatively, the heterologous DNA sequences can be cloned in other areas of the 
genome, for example, in the zones corresponding to ORFs 1, 2 or 3 of TGEV. From the 
resulting plasmids, RNAs were expressed using a suitable polymerase, with which 
appropriate cells — previously infected with an attenuated helper virus — were 
transformed, enabling to recover virions containing the helper virus genome and other 
virions with defective genome (Figure 17). 

Alternatively, this invention's expression vectors allow the expression of one or 
several genes using the strategy described above. To that end, one or several promoters 

r*. zi.s.rr 
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can be used, or a promoter and several internal ribosome entry sites (IRES) or, 
alternatively, several promoters and an internal ribosome entry site. 

This invention also provides a recombinant system to express heterologous 
proteins comprising (a) the vector described above and (b) a helper virus which facilitates 
the proteins involved in the replication and encapsidation of the recombinant defective 
viral genome. Therefore, a recombinant system for the expression of heterologous 
proteins is provided, based on recombinant defective viral genomes expressing protein 
with at least one specific activity, comprising: 

a) a recombinant vector containing a defective viral genome for which, in its case, 
a cDNA has been obtained, capable of being manipulated by means of conventional 
genetic engineering, containing the viral replicase recognition signals located at the 3' and 
5' ends, comprising, additionally, internal deletions, and at least one internal DNA 
sequences coding for one activity, for example, an antigen capable of conferring systemic 
and mucosal immunity; or an antibody conferring protection against and infectious agent; 
and 

b) a helper virus providing the functional and structural proteins for the replication 
and encapsidation of the defective genome. 

Alternatively, the aforesaid recombinant system for the expression of heterologous 
proteins comprises an expression vector, of the type described above, comprising the 
complete sequence coding for the parental virus replicase and a helper parental virus 
which provides structural proteins for the encapsidation of the defective genome and, 
optionally, the functional proteins (replicase) for the replication of the defective viral 
genome. 

These systems enable the expression, either of antigens capable of inducing an 
immune response or of antibodies that confer protection against infectious agents, for 
which reason they are suitable to be used with vaccinal purposes and for protection 
against infections. 

This invention also provides vaccines capable of inducing protection against 
infections caused by various infectious agents in different animal species comprising (i) 
the recombinant system described above, consisting of: (a) an expression vector based 
on a defective viral genome in which the heterologous DNA sequence is cloned, and (b) 
the helper virus collaborating in the replication of the defective genome together with, 
optionally, (ii) a pharmaceutical^ acceptable excipient. The vaccines provided by this 
invention are, therefore, suitable for the conferring of immunity against various infectious 
agents affecting different animal species. 

To confer immunity", in the sense used in this description, should be understood 
to mean the starting in a receptor organism (animal to be treated), by the recombinant 
system as described above, of the suitable mechanisms, such as antigen-presenting 
cells, B and T lymphocytes, antibodies, substances potentiating cell immune response 
(interleukines, interferons, etc.), cell necrosis factors and similar substances that produce 
protection in animals against infections caused by pathogenic agents. 

The vaccines provided by this invention can be monovalent or multivalent, 
depending on whether the expression vectors present in the recombinant system express 
one or more antigens capable of inducing an immune response against one or more 
infectious agent. The expression vectors can be monovalent or polyvalent depending on 
whether they express one or more antibodies conferring protection against one or more 
infectious agent. 
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Species specificity is controlled in such a way that the helper virus will express an 
envelope protein suitable for recognition by the cell receptors of the corresponding 
species. A specific group of vaccines obtained from this invention comprise as helper 
virus a coronavirus, preferably a porcine, canine or feline coronavirus. 

These vaccines are especially indicated against infectious agents that affect the 
porcine, canine and feline species, infecting the mucosae or using mucosae as the route 
of entrance. 

A specific realization of this invention provides monovalent vaccines capable of 
protecting pigs, dogs and cats against various porcine, canine and feline infectious 
agents, and tropism is controlled by expressing the S glycoprotein of a coronavirus. 

The monovalent vaccines against porcine infectious agents can contain an 
expression vector expressing an antigen selected from the group composed essentially of 
antigens of the following porcine pathogens: Actinobacillus pleuropneumonias, 
Actinobacillus suis, Haemophilus parasuis, Porcine parvovirus, Leptospira, Escherichia 
co//, Erysipelothrix rhusiopathiae, Pasteurelta multocida, Bordetella bronchiseptica, 
Clostridium sp., Serpulina hyodisenteriae, Mycoplasma hyopneumoniae, porcine 
epidemic diarrhea virus (PEDV), porcine respiratory coronavirus, rotavirus, or against the 
pathogens that cause porcine reproductive and respiratory syndrome, Aujeszk/s disease 
(pseudorabies), swine influenza, transmissible gastroenteritis and the etiologic agent of 
atrophic rhinitis and proliferative ileitis. 

The monovalent vaccines against canine infectious agents can contain an 
expression vector expressing an antigen selected from the group constituted essentially 
of antigens of the following canine pathogens: canine herpesviruses, canine adenovirus 
types 1 and 2, canine parvovirus types 1 and 2, canine reovirus, canine rotavirus, canine 
coronavirus, canine parainfluenza virus, canine influenza virus, distemper virus, rabies 
virus, retrovirus and canine calicivirus. 

The monovalent vaccines against feline infectious agents can contain an 
expression vector expressing an antigen selected from the group constituted essentially 
of antigens of the following feline pathogens: feline calicivirus, feline immunodeficiency 
virus, feline herpesviruses, feline panleukopenia virus, feline reovirus, feline rotavirus, 
feline coronavirus, feline infectious peritonitis virus, rabies virus, feline Chlamydia psittaci, 
and feline leukemia virus. 

The vectors can express an antibody that confers protection against an infectious 
agent, for example, a porcine, canine or feline infectious agent, such as those described 
above. In a specific realization, some vectors were produced expressing the recombinant 
monoclonal antibody identified as 6A.C3 which neutralizes VGPT. 

The vaccines obtained from this invention are capable of protecting piglets by 
means of inducing lactogenic immunity, which is of special interest in the protection of 
neonatal piglets against infections of the intestinal tract. 

In general, the vaccines obtained from this invention can contain a quantity of 
antigen capable of introducing into the animal to be immunized a helper virus a titer of, at 
least, 10 8 plaque forming units (pfu). 

As excipient, a diluent such as physiological saline serum or other similar saline 
solutions may be used. Likewise, these vaccines can also contain an adjuvant like those 
commonly used in the formulation of vaccines: aqueous (aluminum hydroxide, QuilA, 
alumina gel suspensions and similar), or oily [based on mineral oils, glycerides and fatty 
acid by-products and their mixtures, for example, Marcol 52 (ESSO Espanola S.A.), 
Simulsol 5100 (SEPIC) and Montanide 888 (SEPIC)]. 
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These vaccines can also contain cell response potentiator substances (CRP), i.e., 
T helper cell (TTh and Th 2 ) subpopulation potentiator substances, such as interleukin 1 
(IL-1), IL-2, IL-4, IL-5, IL-6, IL-12, g-IFN (gamma interferon), cell necrosis factor and 
similar substances that might, in theory, provoke cell immunity in vaccinated animals. 
These CRP substances could be used in vaccine formulations with aqueous or oily 
adjuvants. Other types of adjuvants that modulate and immunostimulate cell response 
can also be used, such as MDP (muramyl dipeptide), ISCOM (immuno stimulant 
complex) or liposomes. 

This invention provides multivalent vaccines capable of preventing and protecting 
animals from different infections. These multivalent vaccines can be prepared from 
expression vectors in which the different sequences coding for the corresponding 
antigens have been inserted in the same recombinant vector, or by constructing 
independent recombinant vectors that will be mixed afterwards for their co-inoculation 
together with the helper virus. Therefore, these multivalent vaccines comprise a 
recombinant system in which the expression vector itself contains more than one DNA 
sequence coding for more than one infectious agent or, alternatively, the recombinant 
system used in the preparation of the vaccine can contain different expression vectors, 
each one of which expresses at least one different antigen. The actual limitation in this 
type of multivalent vaccines is that the mentioned expression vectors must express 
antigens of infectious agents of the same animal species and that the helper virus must 
be the suitable one for that particular species. Analogously, multivalent vaccines can be 
prepared that comprise multivalent vectors using sequences coding for antibodies that 
confer protection against infectious agents instead of sequences coding for the antigens. 
These vectors can contain a recombinant system comprising either an expression vector 
containing more than one DNA sequence coding for more than one antibody or different 
expression vectors expressing, each one of them, at least, one different antibody. 

A specific realization of this invention provides vaccines capable of protecting pigs, 
dogs and cats against various porcine, canine and feline infectious agents, respectively. 
To that end, the expression vectors contained in the recombinant system of the vaccine 
must express different antigens of the mentioned porcine, canine or feline pathogens. 

The vaccines of this invention can be presented in liquid or freeze-dried form and 
can be prepared by suspending the recombinant systems in the excipient. If the said 
systems are in freeze-dried form, the excipient itself can be the diluent. 

Alternatively, the vaccines attained by means of this invention can be used in 
combination with other conventional vaccines, either as part of them or as diluent or 
freeze-drying fraction to be diluted with other, either conventional or recombinant, 
vaccines 

The vaccines provided by this invention can be administered to the animal via oral, 
nasal, subcutaneous, intradermal, intraperitoneal or intramuscular routes, or by aerosol. 

The invention also provides a method for the immunization of animals, especially 
pigs, dogs and cats, against various infectious agents simultaneously — comprising the 
administration via oral, nasal, subcutaneous, intradermal, intraperitoneal or intramuscular 
routes, or by aerosol (or their combined forms) — of a vaccine containing an 
immunologically efficacious quantity of a recombinant system provided by the present 
invention. 

Additionally, the invention also provides a method for the protection of newborn 
animals against infectious agents that infect the said animals, consisting of the 
administration via oral, nasal, subcutaneous, intradermal, intraperitoneal and 
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intramuscular routes, or by aerosol (or their combined forms), to mothers, before or during 
the period of gestation, or to their progeny, of a vaccine containing an immunologically 
efficacious quantity of a recombinant system provided by this invention. 

The invention is illustrated by means of the following examples that describe in 
detail the obtainment of defective viral genomes, their characterization, the construction of 
plasmids and their manipulation with the purpose of obtaining the expression vectors and 
the induction of neutralizing antibodies against different infectious agents of various 
species. 

» 

EXAMPLE 1 

GENERATION OF DEFECTIVE PARTICLES DERIVED FROM TGEV 

1 .1 Undiluted serial passages of TGEV strains at high multiplicity of infection 
(m.o.i.) 

In order to promote the generation of defective particles, or the imposition of those 
already exisiting in small proportion in the viral population, serial passages of different 
undiluted TGEV isolates were made in different cell systems. Because the frequency with 
which Dl particles are generated can vary much in different virus-cell systems, the 
passages were done with different TGEV isolates (THER-1 and PUR46-mar 1CC12) in 
ST (swine testis, swine testicle epithelial cells) cell lines. 

Strain THER-1 (transmissible gastroenteritis Helper Enteric and Respiratory 
coronavirus, strain 1) is a mutant attenuated by 20 passages in ST cell cultures derived 
from the PUR46-MAD strain [Sanchez et al., Virology 174, 410-417 (1990)]. Strain 
PUR46-mar 1CC12 is also described by Sanchez et al (supra). 

Each TGEV strain was passaged undiluted 35 times in ST cells. The m.o.i. of the 
first passage in each one of the three cases was 100 pfu per cell. The supernatant of 
each passage was collected between 20 and 48 hours post infection (h.p.i.), upon 
observance of a clear cytopathic effect — normally when the said effect was affecting 
more than half of the cell monolayer — , and half of the volume of this supernatant was 
used in the infection of the next passage. Virus titer variation with passage number is 
shown in Figure 4. Viral titer ranged between two logarithmic units throughout the serial 
passages of each virus. In the case of strain THER-1 , the titer in passages 30 to 46 was 
lower than in the first thirty passages. 

The viruses that had been passaged 35 times in ST cells were used for the 
analysis of intracellular RNAs produced in the infection. The RNAs, metabolically labeled 
with ^Pt between hours 6 and 9 post infection, were analyzed [Maniatis et al., Molecular 
cloning: -A Laboratory Manual, Cold Spring Harbor Laboratory, (1982)]. In THER-1-p35 
infection (THER-1 strain virus passaged 35 times at high m.o.i.) three intense bands were 
observed which did not correspond to any viral mRNA. These bands were located 
between the genomic RNA and the S gene messenger (Figure 5). To analyze the nature 
of these new subgenomic RNAs, undiluted serial passages were continued with strain 
THER-1. After 46 passages, the evolution of the RNA pattern throughout the serial 
passages was analyzed. To that end, ST cells were infected with virus from various 
passages and the produced RNAs, metabolically labeled, were analyzed in a denaturing 
agarose gel (Figure 5). Whereas only genomic RNAs and subgenomic viral messengers 
were detected in the first passages, in passage 30 three new RNAs of 22, 10.6 and 9.7 
kb (RNAs A, B and C shown in Figure 5 as Dl-A, Dl-B and Dl-C, respectively) were 
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detected. These subgenomic RNAs remained in stable form throughout the following 15 
passages, interfering notably with genomic RNA replication and the synthesis of the 
mRNAs of the helper virus (Figure 5, lanes 30 to 45). These results indicate that the three 
RNAs generated or amplified by the undiluted serial passages are stable and that at least 
one of them is interfering. 

1.2 Characterization of subgenomic RNAs 

1.2.1 Analysis of the ends and internal regions 

To determine if subgenomic RNAs A, B and C had the standard structure of a 
coronavirus defective RNA, and especially, if they preserved the 5* and 3' ends of the wild 
genome and that its small size was due to internal deletions, several hybridization assays 
were carried out with probes specific for the virus. To that end, the RNA from cells 
infected with the THER-1-STp35 virus (THER-1 strain viruses, passaged 35 times in ST 
cells) was extracted and its hybridization was analyzed with specific viral probes in a 
Northern-blot assay (Maniatis et al., supra) using oligonucleotides complementary to the 
leader and the viral 3* end sequence. In each case, the RNA from cells infected with 
THER-1-p1 virus (strain THER-1 virus passaged once in ST cells) and from uninfected 
ST cells (Nl) (lanes 1 and 2 of each filter, respectively) were used as control. The 
oligonucleotides used as probes are complementary to the leader RNA (positions 66-91 
of the 5' end of the parental genome), to the untranslated region of the 3' end (nucleotides 
28524-28543 of the 5' end of the parental genome), and to structural genes M and N 
(positions 97-1 16 and 5-24 starting from the primer AUG of each gene, respectively). The 
bars on the right indicate the positions of the viral mRNAs arid subgenomic RNAs A, B 
and C. 

As shown in Figure 6, the two oligonucleotides hybridized with all the parental virus 
mRNAs, and they also detected RNAs A, B and C, indicating that these RNAs have gone 
through internal deletions and maintained their ends. As an initial approach to an analysis 
in regard to which genomic sequences were present in these RNAs, the RNA of infected 
cells was hybridized with oligonucleotides complementary to the genes of structural viral 
proteins S, M and N. None of them hybridized with the defective RNAs, suggesting that 
the structural protein genes had been deleted. Thus, subgenomic RNAs A, B and C 
maintain the parental virus ends and have internal deletions. 

1 .2.2 Propagation of RNAs A, B and C 

In order to verify that RNAs A, B and C are defective genomes, dependent on the 
parental virus for their propagation in culture, ST cells were infected with virus THER-1 - 
STp41 (THER-1 virus strain passaged 41 times in ST cells) at different m.o.i.: 10, 0.1, 
0.01 and 0.001 pfu/cell. The virus resujting from this passage, collected at 10 h.p.L, was 
titrated and amplified in a second passage in ST cells, which in turn was used to infect 
new cells from which the cytoplasmic RNA was extracted (Maniatis et al., supra). The 
RNA was analyzed in a Northern-blot assay using an oligonucleotide complementary to 
the leader RNA. Fiaure 7 shows the results obtained. The m.o.i. are indicated over each 
lane (10* 3 , 10" 2 , 10' and 10 pfu/cell). As negative control was included the RNA from an 
infection of ST cells with tHER-1-p1 virus, which does not contain subgenomic RNAs, at 
m.o.i. of 10 pfu/cell (first lane). In the lane corresponding to the infection with THER-1 - 
STp41 virus at m.o.i. of 10 pfu/cell, positive control, the genomic RNAs (mRNA 1) are 
labeled, and so are defective RNAs A, B and C (represented as Dl-A, Dl-B, Dl-C) and the 
corresponding S gene (mRNA 2). 
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It is observed that when the m.o.i. of the first passage (the "bottleneck" in this 
experiment, as the passages that follow are amplification passages) is 0.1 pfu/cell or less 
RNAs A, B and C are lost, in conditions in which the genomic RNA and the mRNA of the 
virus are detected in the expected proportions (Figure 7). The three defective RNAs are 
maintained when the m.o.i. is 10 pfu/cell. Because RNAs A, B and C are found in higher 
proportion than genomic RNA in the THER-1-p41 virus used in the infection, these results 
show that the replication or propagation of these RNAs requires that the cells be infected 
by defective virus and also by the helper virus. Thus, RNAs A, B and C require functions 
of the helper virus which are to be provided in trans. Therefore, RNAs A, B and C are 
defective genomes, depending on a helper virus for their propagation. 

1 2.3 In vitro generation, amplification, propagation and interference of PI RNA in another 
cell line 

In vitro generation, amplification, propagation and interference of RNA Dl are 
specific to the cell line, and for this reason the effect that a change of cell line might have 
on defective RNAs was studied. To that end, the THER-1-STp46 virus (THER-1 virus 
passaged 46 times at a high m.o.i. in ST cells) was subjected to a new series of undiluted 
passages, in intestinal porcine epithelial cells (I PEC) and porcine macrophages (PM). 
Figure 8 shows titer variation and passage number through 10 passages in IPEC (Figure 
8A) and 5 passages in PM (Figure 8B). Viral yield in both cell lines was lower than what 
was obtained in ST cells, and the estimate is that there was a variation ranging between 
20 and 0.2 pfu/cell in the m.o.i. of each passage. 

The RNA produced in ST cells infected with THER-1 -STp46-IPECp1 (THER-1 - 
STp46 virus passaged one time in IPEC cells) and THER-1 -STp46-IPECp 10 (THER-1 - 
STp46 virus passaged 10 times in IPEC cells) was labeled with 32 Pj and analyzed in a 
denaturant agarose gel (Figure 8C). 

The RNA of ST cells infected with THER-1 -STp46-PMp1 virus (THER-1-STp46 
virus passaged one time in PM cells) and THER-1 -STp46-PMp5 (THER-1-STp46 virus 
passaged 5 times in PM cells) was analyzed in a Northern-blot assay with an 
oligonucleotide complementary to the leader RNA (Figure 8C). 

The results appear on Figure 8C, which shows that the three defective RNAs 
remained in the first passage in both cell lines, but only RNA A persisted throughout, at 
least, five passages in PM, and ten passages in IPEC. In both cases the positions of the 
RNAs corresponding to the wild genome (1) are marked, RNAs A, B and C (Dl-A, Dl-B 
and Dl-C respectively) and mRNA 2 (protein S). In the lane corresponding to the THER-1 - 
STp46-PMp5 virus RNA, the position of genomic RNA is indicated —observed only when 
the exposition period of the autoradiograph was tenfold the period shown on Figure 8C. 

1.3 Encapsidation of defective genomes 

In order to study whether defective RNAs have the capacity to encapsidate, a 
partial purification was done simultaneously on viruses THER-1 -STp1 (THER-1 virus 
passaged one time in ST cells) and THER-1-STp41 (THER-1 virus passaged 41 times in 
ST cells) by means of centrifugation through a 15% weight/volume (w/v) sucrose cushion. 
The RNA was extracted from the purified virions, and analyzed in agarose gel by means 
of ethidium bromide staining (Figure 9A). In passage 41 virions, RNAs A, B and C were 
detected with the same intensity as genomic RNA, indicating that the three defective 
RNAs encapsidate efficiently. 
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To determine if the defective genomes co-encapsidate with the complete genome 
or if, on the contrary, they encapsidate independently, THER-1-STp41 virus was purified 
by centrifugation through sucrose cushions of varying densities, or through continuous 
sucrose gradients. The RNA of the purified virions in each case was analyzed in a 
Northern-blot assay with an oligonucleotide complementary to the leader RNA (Figure 
9B). When centrifugation was done through a sucrose cushion of 31% (w/v) (d = 1.19 
g/ml), only wild genome was detected in the sedimented virions. However, when a 
sucrose cushion of lower density, 15% (w/v) (d=1.11 g/ml), was used, the three' defective 
RNAs were detected, in addition to the complete genome. In a continuous sucrose 
cushion (15-42%, w/v) it was possible to enrich the defective virions in the upper fractions 
of the gradient (density close to 1.15 g/ml), and the standard virions in the lower fractions 
(density close to 1.20 g/ml), as shown on lanes d and e of Figure 9B. The upper band in 
each lane corresponds to the wild type genomes and to defective genome A (Dl-A), and 
the lower band corresponds to defective genomes B and C (Dl-B and Dl-C). These 
results indicate that RNAs A, B and C encapsidate efficiently, and that genomes Dl-B and 
Dl-C (10.6 and 9.7 kb) do so independently from the wild type genome, in defective 
virions that are lighter than standard virions. 
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1.4 Cloning and sequencing of defective RNAs B and C. Determination of their 
primary structure. 

1.4.1 Synthesis of complementary DNA and amplification of RNAs B and C . 

The size of defective RNAs B and C had been estimated, based on their mobility in 
electrophoresis gels, in 10.6 and 9.7 kb, respectively. On account of their large size, it 
was not possible to amplify the defective RNAs in a single reverse transcriptase and 
polymerase chain reaction (RT-PCR) using primers complementary to genome ends. In 
order to overcome this limitation, the defective genomes were amplified in four 
independent reactions, using pairs of primers allowing four overlapping fragments to 
cover the total genome length in every case. These overlapping fragments were 
designated as a, b, c and d, arranged from the 5' end to the 3' end (Figure 10). The 
THER-1-STp41 virus RNA extracted from purified virions was used as a template. This 
RNA contained the three defective RNAs A, B and C, in addition to the parental genome. 
As a control, an amplification of the genomic RNA of the THER-1 wild virus was carried 
out simultaneously. 

The sequence and position of the oligonucleotides used as primers in the RT-PCR 
reaction is indicated in Table 2. 



Table 2 

Characteristics of the oligonucleotides used as primers in the RT-PCR 

reactions 



SEC. ID. No . 

1 

2 

3" 
4" 



Polarity 



ORF 
Coronavirus 

Leader TGEV 
ORF1a FIPV 
ORF1a TGEV 
ORF1b TGEV 



Position In the 
RNA Dl-C b> 

15-41 
1874-1887 
1524-1550 
4365^389 



Restriction 
Site 



Xba l 
Xbal 
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5 ' + ORF1bHCV229E 4097-4114 EcoRI 

6 - ORF1b TGEV 7633-7650 EcoRI 

7 a . . + ORF1 b TGEV 7633-7650 ~ 

8 - 3'UTRTGEV 9691-9707 Spel 

9 + ORF1 b TGEV 8251-8270 



°': A restriction site in 5' has been included to facilitate its posterior cloning. 

: The position of the oligonucleotide in the corresponding ORF is in relation to the sequence shown on 
Figure 12. 



The amplification by RT-PCR with primers 1 and 2, of the THER-1-STp41 virus 
RNA and the parental virus THER RNA gave rise to a dominant PCR product of 1 9 kb 
(Figure 11, fragment a). The minor bands observed in this reaction are due to unspecific 
hybridizations, as they appear in the two lanes. The same RT-PCR reaction was 
performed starting from an agarose fraction containing a pool of Dl-B and Dl-C RNAs 
extracted from a purification with gel, with the same results. This indicates that fragment a 
is common to all RNA DIs, and corresponds to the 1.9 kb region of the 5' end of the wild 
TGEV genome. 

The amplification with oligonucleotides 3 and 4 gave rise to a unique PCR 2 8 kb 
product starting from the THER-1-STp41 virus RNA (Figure 11, fragment b). No PCR 
product was obtained from the THER-1 control virus RNA, as the size of the expected 
product was 12 kb. Based on these data, it can be deduced that at least one defective 
genome has one b fragment of 2.8 kb, and that the others have the same fragment or a 
larger one which is not detectable in PCR reactions due to its large size. 

Oligonucleotides 5 and 6, separated by 4.6 kb in the parental genome, gave rise to 
two different products of 3.5 and 4.6 kb from the THER-1 -STp41 virus RNA (Figure 11, 
fragment c). The 4.6 kb product was also obtained from the wild virus RNA used as 
control. These results suggest that fragment c contains one deletion in at least one 
defective genome (probably in Dl-C, the most abundant defective genome) , giving rise to 
a 3.5 kb fragment by PCR. The 4.6 kb fragment derives from the parental genome 
present in the THER-1-STp41 virus RNA population, and from those defective genomes 
that have maintained this region of the genome. 

The amplification by RT-PCR with primers 7 and 8 of the parental virus genomic 
RNA did not generate any bands (Figure 11, fragment d), since the separation between 
these oligonucleotides is 9.5 kb in the complete genome (Figure 10). In contrast two very 
intense bands of 1.9 and 2.1 kb were observed when the THER-1-STp41 virus RNA was 
used as template. These bands appear as a broad continuous band, corresponding to 
fragment d (Figure 11), probably because they co-migrate with a group of minor bands 
around the 1t9 kb band, preventing their resolution in gels. Heterogeneity has been 
observed in the size of cloning fragment d (see below). 

1 .4.2 Assigning amplification products (a. b. c and d) to the different defective RNAs 

In order to assign the o* fragments of sizes varying between 1.9 and 2 1 kb to the 
different defective genomes, the THER-1-STp41 virus RNA, which had been used as a 
template, was fractioned in an agarose gel until a clear separation was achieved of the 
bands corresponding to the RNAs of the wild genome, Dl-A, Dl-B and Dl-C The bands 
corresponding to each one of these four RNAs were cut independently and used as a 
template in the amplification reaction of RT-PCR with oligonucleotides 8 and 9 Startinq 
from the punfied genomic band RNA, no PCR product was obtained From RNA Dl-B a 
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predominant 1 .9 kb PCR product was obtained, although less abundant DNAs were also 
obtained, of variable size close to 1.9 kb, which indicates a certain heterogeneity in this 
zone. The amplification of RNA Dl-C gave rise to a dominant 2.1 kb PCR product. These 
results allowed to assign the 1.9 kb fragment to the defective RNA B, and the 2 1 kb 
fragment to RNA Dl-C. 

Once the d fragments had been assigned, the 3.5 and 4.6 kb c fragments obtained 
with primers 5 and 6 were assigned to defective RNAs C and B, respectively, since the 
sum of fragments a to d resulting from this assignment coincided in each case with the 
sizes of RNAs B and C, estimated by mobility. 

Once the complete sequence of genomes B and C had been determined, 
fragment assignment was verified by amplifying each purified band RNA, using 
oligonucleotides flanking specific deletions. The assignment of the fragments was also 
confirmed by Northern-blot assay, using oligonucleotides mapping the Dl-B regions that 
were not present in Dl-C, and vice versa. 

1 -4.3 Cloning and sequencing the overlapping fragments a. b. c. and d. 

The four overlapping DNA fragments a (1.9 kb), b (2.8 kb), c (3.5 kb) and d (2.1 

kb), complementary to RNA C, were cloned in Bluescript SK . At least two clones derived 
from independent RT-PCR reactions were sequenced. The sequence of the positions that 
did not coincide in the different clones (possibly errors of the Taq polymerase) were 
sequenced directly from the corresponding uncloned PCR products. Following this 
procedure, the RNA Dl-C consensus sequence was determined. An average of 1 error of 
Taq polymerase was obtained each copied 1.2 kb. The complete sequence of the Dl-C 
genome is shown on Figure 12. 

The complete RNA Dl-C sequence obtained this way was compared with the 
ORFs 1a and 1b sequence of the PUR46-PAR virus [Eleouet et al., Virology 206, 817- 
822 (1995)], and with the sequence determined in our laboratory for the other THER-1 
virus ORFs. In the complete RNA Dl-C sequence, 14 nucleotide differences were found in 
comparison with the sequence of strain PUR46-PAR. These positions were sequenced in 
strain THER-1, the parental virus of the defective genome, in order to define the specific 
changes of the genomic defective RNA Dl-C. The Dl-C RNA sequence only presented 
three nucleotide differences in comparison with the corresponding sequence of the 
parental virus, and one insertion in position 9189, which does not affect any ORF (Figure 



1 4.4 Primary Dl-C and Dl-B genome structures . 

The sequence data indicated that the Dl-C genome was composed of four 
discontinuous parental genome regions~(Figure 13) comprising: a) the 2144 nucleotides 
of the 5' end of the genome; b) 4540 nucleotides corresponding to the region between 
positions 12195 and 16734 of the parental genome, which includes the overlapping area 
between ORFs 1a and 1b, and approximately the 5' half of ORF 1b; c) a region of 2531 
nucleotides corresponding to positions 17843-20372 of the wild genome, and which 
comprises the 3' half of ORF1b and the first 8 gene S nucleotides; and d) the 493 
nucleotides of the 3' end. 

The primary structure of the Dl-B genome was determined by sequencing of 
cloned fragments a and b (common to genome Dl-C), c (like the parental genome) and d 
(specific to genome Dl-B). Genome Dl-B is composed of three discontinuous regions of 
the genome (Figure 14): a) the 2144 nucleotides of the 5' end of the genome, common to 
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all Dl-B clones, and identical to region I of RNA Dl-C; b) a region variable in size, of 8178- 
8243 nucleotides corresponding to positions 12195-20369 to 20436 of the parental 
genome, and which includes the overlapping zone between the two ORFs of gene 1, the 
complete ORF1b, and the first nucleotides of gene S; and c) nucleotides 278 to 303 of 
the 3 region of the genome. 

The clones constituting the population designated as genomes Dl-B differ in the 
size of the deletion that took place between regions II and III, which starts at the 
beginning of gene S (between nucleotides 6 and 73) and finishing at the end of gene 7 
(between nucleotides 195 and 233). 

The 5' end sequence of parental RNA THER-1 was determined by direct 
sequencing of the RNA, and is S'-NCUUUUAAAG-S'. The nature of the first "N" nucleotide 
of the sequence has not been determined. So far, the sequence of the 5' end of three 
TGEV isolates, PUR46-PAR, PUR46-BRI and FS772/70, has been described [Eleouet et 
al., supra; Page et al., Virus Genes 4, 289-301 (1990); Sethna et al., J. Virol. 65, 320-325 
(1991)] and they all differ in the first nucleotide. The sequence of the defective RNAs 
leader must be the same as that of the parental virus leader, in view of the interchange of 
leaders that takes place in a coronavirus infection [Makino et al., J. Virol 57 729-737 
(1986)]. 

The three defective RNAs contain polyA, as they join themselves to oligo dT 
columns (results not shown). 

1-4.5 RNAs B and C keep the overlapping region between ORFs 1a and 1b. which 
includes the motive responsible for the translocation M) of the ribosome 

In accordance with the sequences assigned to genomes Dl-C and Dl-B, it is 
possible to predict ORFs of 6370 and 10003 nucleotides, respectively, starting at 
nucleotide 315, counting from the 5' end of the genome. The RNA Dl-C ORF ends at the 
termination codon generated at the joint site of discontinuous regions II and III, where the 
internal deletion had taken place in ORF 1b, at position 6685 of the Dl-C genome. The 
Dl-B genome ORF ends at the natural termination codon of ORF1b. 

The two defective RNAs keep the overlapping zone between ORFs 1a and 1b, 
which includes the sliding sequence and the tertiary structure motive pseudoknoi, 
responsible for the translocation (-1) of the ribosome in this zone (Eleouet et al., supra). 
Figure 15 shows the possible RNA secondary and tertiary structures in this zone. The 
structure proposed by Eleouet et al. for the pseudoknot in this zone, is the one indicated 
in C and D; however, there are other possible structures (as indicated in A and B), 
although it is not know which is the correct one. 

A description has been made, indicating that the translocation occurs with an 
efficiency of 20% in TGEV (Eleouet et al., supra) and enables the continuous translation 
of gene 1. The fact that RNAs Dl-B and Dl-C (and probably Dl-A RNA) keep this region of 
the parental genome suggests that it could be necessary for RNA replication or for 
genome propagation. 

There are two other small ORFs in defective genomes Dl-C and Dl-B. One of 
them, previous to the long reading frame, codes for a peptide of three amino acids, which 
is also found in the wild type genome, whose function is unknown. The other ORF starts 
in both cases in the AUG of gene S, and codes for a peptide of 16 amino acids in Dl-C, 
and a peptide of variable size in Dl-B. It is unknown whether these ORFs are functional. 
The only two transcription promoter consensus sequences (CUAAAC) of the virus that 
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are kept are precisely those preceding gene 1 and gene S, in defective RNAs B and C. 
These sequences are marked in Figure 12. 

Figure 16 shows the mapping of RNAs A t B and C by hybridization with 
oligonucleotides specific to the virus in Northern-blot assays. The THER-1-STp41 virus 
5 RNA was fractioned in agarose gels until a clear separation of the RNAs from the parental 
genome and Dl, A, B and C had been obtained. The RNA was transferred to nylon filters 
which hybridized with various oligonucleotides marked with 32 P jf hybridized with the 
parental genome (+), and hybridized (+) or not (-) with the defective genomes. The 
approximate locations of the sequences complementary to the oligonucleotides in the 
10 parental genome are shown marked with arrows. Their exact sequence and position 
appear in Table 3. All the oligonucleotides hybridized with the parental genome, and the 
expected results with RNAs B and C were obtained. 
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ON 


ID Sec. No. 


Polarity 


Gene in TGEV 


Position in the 
aenome"' 


r<£— j; 


1 


10 


— 


Leader 


66-91 


jj 


2 


11 


- 


ORF1a 


2151-2170 




3 


12 




ORF1a 


6121-6140 




4 


13 




ORF1a 


8684-8703 




5 


14 




ORF1a 


12261-12280 




6 


15 




ORF1b 


14148-14167 




7 


16 




ORF1b 


17363-17381 




8 


17 




ORF1b 


18792-18811 


T,C2CO 


9 


18 




gene S 


1055-1074 


10 


19 




gene S 


1980-1999 




11 


20 




gene S 


3600-3619 




12 


21 - 




gene M 


97-116 




13 


22 




gene N 


5-24 




14 


23 




UTR-3* 


28524-28543 



: The position in the genome is indicated as the number of bases starting from the 5* end of the wild 
type virus genome for oligonucleotides (ON) complementary to gene 1 (ORF1a and ORF1b) and the 
untranslated region of 3' end (3'-UTR); and from the first nucleotide of the primer ATG of the 
20 corresponding gene to nucleotide 5* of the ON in the case of primers mapping in genes S, M and N. 
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EXAMPLE 2 

GENERATION OF EXPRESSION VECTORS 

The cDNA coding for RNA Dl-C has been cloned in a Bluescript il plasmid, under 
the control of the phage T7 promoter. This cDNA includes polyA sequences, a hepatitis 
delta virus (HDV) ribozyme, and phage T7 termination signals. One of these plasmids, 
whose construction appears in Figure 17, has been denominated pDIC-1. These 
plasmids can be manipulated to clone in them heterologous genes under the control of 
the gene S promoter present in the defective genome, or another TGEV promoter, or a 
variant of them with increased efficiency. 

The cloning of these heterologous genes was done after ORF1b, following the S 
gene initiation codon (AUG), and in reading phase with this gene. 

From these cDNAs, RNAs were expressed using the phage T7 polymerase, with 
which ST cells that had been infected previously with the attenuated helper virus THER- 
1 were transformed, enabling to recover virions, containing the helper virus genome, 
and other virions, containing the corresponding defective genome. These viruses, 
freeze-dried in presence of 2% fetal calf serum, were used as vaccine for the induction 
of specific antibodies against agents that infect the gastrointestinal and respiratory 
tracts of pigs, dogs and rabbits. 

The tropism of the vectors was specifically targeted to the porcine, canine, or 
feline species, using the appropriate attenuated helper viruses. 



EXAMPLE 3 
INDUCTION OF NEUTRALIZING ANTIBODIES 

3.1 Induction of protection against porcine epidemic diarrhea coronavirus 
(PEDV) 

Pigs were immunized using a recombinant system consisting of helper virus 
(THER-1), and the pDIC-1 plasmid in which the PEDV glycoprotein S gene had been 
cloned. 

The immunizations were done by administering 10 9 pfu per piglet, via oral route. 

Presence of neutralizing antibodies was assayed in the sera of animals 
vaccinated at 15, 30, 45 and 60 days post immunization; and presence of antibodies 
specific to PEDV was determined using a radio immuno-assay (RIA) (Maniatis et al., 
supra). 

With the sera collected on the 45th day post immunization, total protection was 
provided against infection by PEDV (strain SEG86-1) in 10-day-old piglets, when these 
sera had been pre-incubated with the virulent virus before oral administration. 

3.2 Induction of protection against canine coronavirus 

Dogs were immunized using a recombinant system consisting of helper virus 
(canine coronavirus strain Fort Dodge), and the pDIC-1 plasmid in which the canine 
coronavirus glycoprotein S gene had been cloned (strain Fort Dodge). 

The immunizations were done by administering 10 9 pfu per dog via oral route. 
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Presence of neutralizing antibodies in the sera of the animals vaccinated at 15 
30, 45 and 60 days post immunization was assayed, and presence of antibodies 
specific to canine coronavirus was determined using RIA. 

With the sera collected on the 45th day post immunization, total protection was 
conferred against infection by canine coronavirus (strain Fort Dodge) in 10-day old 
puppies, when these sera were pre-incubated with the virulent virus before oral 
administration. 



3.3 Induction of protection against infections caused by the arterivirus PRRSV 

Pigs were immunized using a recombinant system consisting of helper virus 
(THER-1), and pDIC-1 plasmid in which the arterivirus PRRSV ORF3 and ORF5 (strain 
Fort Dodge) had been cloned. 

The immunizations were done by administering 10 9 pfu per piglet, via oral route 

Presence of neutralizing antibodies was analyzed in the sera of the animals 
vaccinated at 15, 30, 45 and 60 days post immunization, and presence of antibodies 
specific to PRRSV was determined by RIA. 

With the sera collected on the 45th day post immunization, total protection was 
provided against infection by PRRSV (strain Fort Dodge) in 10-day-old piglets, when 
these sera had been pre-incubated with the virulent virus before the administration via 
oral route. 



EXAMPLE 4 

GENERATION OF EXPRESSION VECTORS 

Following a procedure similar to the one described in Example 2, a cDNA coding 
for an selfreplicative RNA has been cloned in a Bluescript II plasmid, under the control 
of the phage 17 promoter. This cDNA includes polyA sequences, a ribozyme of 
hepatitis delta virus (HDV) and the phage T7 termination signals. One of these 
plasmids, whose construction is shown in Figure 18 has been denominated pDIA- 
6A.C3. This plasmid contains the gene coding for monoclonal antibody 6A.C3 which 
neutralizes TGEV. The characteristics of monoclonal antibody 6A.C3 and its 
construction are described In Dr. Joaquin Castilla Carrion's Doctoral Thesis, entitled 
"Construccidn de animates transgGnicos secretores de anticuerpos neutralizantes para 
coronavirus", Universidad Autdnoma, Madrid, Faculty of Science, December 1996 
pages 43-52, 65-79. 

The cloning of the heterologous gene was done after ORF 1b, following the gene 
S initiation codon (AUG), and in reading frame with this gene. 

Starting from this cDNA, RNAs were expressed using phage T7 polymerase with 
which were transformed ST cells previously infected with the attenuated helper virus 
THER-1, resulting in the recovery of virions containing the helper virus genome and 
other virions with the corresponding defective genome. These viruses, freeze-dried in 
the presence of 2% fetal calf serum can be used as vectors for the expression of the 
recombinant 6A.C3 monoclonal antibody. The tropism of the vectors was made 
specifically for the porcine species using the appropriate attenuated helper virus. 
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EXAMPLE 5 

EXPRESSION OF NEUTRALIZING ANTIBODIES 

Pigs were immunized using a recombinant system constituted of helper virus 
(THER-1), and the pDIA-6A.C3 plasmid (Example 4) containing the sequence coding 
for recombinant monoclonal antibody 6A.C3 which neutralizes TGEV. 

The immunizations were done by administering 10 9 pfu per piglet via oral route. 

Presence of neutralizing 6A.C3 antibodies was assayed in the serum of animals 
vaccinated at 15, 30, 45 and 60 days post immunization using an RIA [Maniatis et al 
supra]. The recombinant antibodies had RIA titers higher than 10 3 and are able to reduce 
the titer of the infectious virus more than 10 4 fold. 



DEPOSIT OF MICROORGANISMS 

The plasmid denominated pDIC-1 , introduced in a DH-5 bacterium derived from 
E. coli, [DH5/pDIC-1], was deposited on 6th March 1996 at the European Collection of 
Animal Cell Cultures (ECACC), Porton Down, Salisbury, Wiltshire SP4 OJG, United 
Kingdom, with corresponding accession number P96030641. 

Additionally, the attenuated helper virus denominated THER-1 was deposited at 
ECACC on 6th March 1996, with corresponding accession number V96030642. 
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